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(57) ABSTRACT 
A component Working With acoustic bulk Waves is provided 
that has a multi-layer substrate, Where the multi-layer sub 
strate comprises an integrated matching network and further 
circuit elements for adapting the electrical ?lter properties 
and can serve as carrier substrate for thin-?lm resonators. 
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COMPONENT WORKING WITH ACOUSTIC 
WAVES AND HAVING A MATCHING NETWORK 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention is directed to a component Working 
With acoustic bulk Waves, particularly a bandpass ?lter or a 
duplexer having an electronic matching netWork. 

[0003] 2. Description of the Related Art 

[0004] Components that Work With acoustic bulk Waves 
are bulk acoustic Wave components (BAW) components that 
comprise individual thin-?lm resonators (also called thin 
?lm bulk acoustic Wave resonator In the future, 
these components Will become of great signi?cance as ?lters 
and duplexers in front-end modules of Wireless communi 
cation systems. 

[0005] Aduplexer represents an electrical three-port struc 
ture that connects the antenna both to the transmission path 
as Well as to the reception path of a terminal for mobile 
communication. A duplexer is composed of tWo bandpass 
?lters to be connected to an antenna that are usually arranged 
in a common housing, in Which one ?lter is located in the 
transmission path and another ?lter is located in the recep 
tion path. 

[0006] On the one hand, a duplexer should comprise a 
good matching to the environment in each of the pass bands 
at the corresponding side of the three-port structure in order 
to minimiZe signal losses at the interface and, on the other 
hand, should assure a high suppression of the transmission 
signals in the reception path and, above all, of the transmis 
sion signals in the reception path. Another demand made of 
a duplexer is a high transmission poWer compatibility With 
out deteriorating the ?lter function during a given service 
life of the component. These factors should all be balanced 
against minimiZing the space requirement. 

[0007] Up to noW, for example, duplexers of microWave 
ceramic are knoWn that comprise a high poWer compatibility 
given loW manufacturing costs that, hoWever, are relatively 
large compared, for instance, to duplexers constructed on the 
basis of surface acoustic Wave (SAW) technology. Although 
the SAW duplexers are in turn small, they are not especially 
poWer-resistant, Which is problematic especially in the fre 
quency range above 1 GHZ. 

[0008] US. Pat. No. 6,262,637 discloses a BAW duplexer 
that is composed of tWo separate bandpass ?lters for the 
transmission and reception domain. Both ?lters are soldered 
on a printed circuit board and electrically connected to an 
additional circuit of discrete elements that is likeWise 
applied on the printed circuit board, so that the overall 
structure can be considered to be a three-port structure. Each 
of these BAW ?lters is composed of a ladder-type arrange 
ment of individual acoustic resonators. Each resonator con 
tains a pieZoelectric layer that has both sides provided With 
electrode layers in Which a cavity for re?ecting an acoustic 
Wave back into the resonator is arranged betWeen the 
multi-layer resonator structure and a carrier substrate lying 
beloW this. 

[0009] These BAW components require an electrical 
matching netWork for matching to their circuit environment, 
as already indicated above. Such a matching netWork can 
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comprise inductors, capacitors and delay lines and primarily 
serves for matching the impedance of a component to the 
outside environment. 

[0010] It is knoWn that a BAW component (for example, 
a duplexer constructed of BAW components) can be pro 
vided With a matching netWork arranged on a printed circuit 
board (see US. Pat. No. 6,262,637). Due to a high space 
requirement and due to high manufacturing costs, hoWever, 
such an arrangement is disadvantageous compared to cur 
rently available duplexers. Moreover, the electrical proper 
ties of such a component are very sensitive With respect to 
the relative, mutual arrangement of the ?lter and matching 
elements required for the duplexer function that are arranged 
on the printed circuit board. 

[0011] It is knoWn that matching netWorks in BAW com 
ponents are implemented as integrated netWorks in Which 
the circuit elements forming the netWork are integrated 
together in a multi-layer substrate. For example, the inte 
grated circuit elements can be a component part of a 
duplexer circuit. 

[0012] It is knoWn that a SAW component (chip) having a 
multi-layer carrier substrate (of, for example, ceramic) that 
comprises integrated matching elements can be secured and 
electrically connected using a ?ip-chip arrangement or by 
Wire bonding. One disadvantage of SAW components is that 
they have a short service life given high transmission poWer 
applied in terminals of mobile communication. A further 
disadvantage of the SAW duplexers is that the edges of the 
pass bands do not drop off steeply enough in their transfer 
function, for example, Which is Why SAW duplexers are not 
considered for applications With a slight spacing betWeen the 
center frequencies of the transmission and reception 
domains. 

SUMMARY OF THE INVENTION 

[0013] An object of the present invention is to provide a 
component Working With acoustic Waves and having inte 
grated circuit elements that comprises high poWer compat 
ibility and dependability of electrical properties. 

[0014] An inventive, electronic component Working With 
acoustic bulk Waves (BAW component) comprises: 

[0015] a) at least one thin-?lm resonator, also called 
a bulk Wave resonator or FBAR (thin ?lm bulk 
acoustic Wave resonator) that is formed of at least 
one pieZoelectric layer With at least tWo electrodes 
applied in layers, and 

[0016] b) a multi-layer substrate having at least one 
integrated passive or active circuit element. 

DESCRIPTION OF THE DRAWINGS 

[0017] The invention is explained in greater detail beloW 
on the basis of exemplary embodiments and the appertaining 
Figures. The Figures thereby only serve for explanation and 
are only schematic and not to-scale. Identical elements are 
referenced With the same reference characters. 

[0018] FIG. 1 is a side vieW shoWing the fundamental 
layer structure of an inventive component in a schematic 
crossection; 
[0019] FIGS. 2-3 are side vieWs shoWing the layer struc 
ture of advantageous embodiments of an inventive compo 
nent in schematic crossection; 
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[0020] FIG. 4 is a side vieW showing a schematic cros 
section of an inventive ?lter With thin-?lm resonators depos 
ited directly on the multi-layer substrate; 

[0021] FIGS. 5-8 are side vieWs showing further exem 
plary embodiments of inventive components in schematic 
crossection; 
[0022] FIG. 9 is a ?lter circuit schematic shoWing a 
ladder-type arrangement With integrated inductances. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0023] Various terminology is used to describe the pre 
ferred embodiments. What are understood by integrated 
circuit elements in the sense of the invention are circuit 
elements that are monolithically integrated in the multi-layer 
substrate. 

[0024] What are particularly meant by a passive or active 
circuit element in the sense of the invention are an induc 
tance, a capacitor, a delay line, a resistor, a diode or a 
transistor. These circuit elements are preferably fashioned in 
a knoWn Way as interconnects or arbitrarily shaped metal 
surfaces betWeen the individual layers of the multi-layer 
substrate (substrate layers) or as vertical interlayer connec 
tions in the multi-layer substrate. The at least one thin-?lm 
resonator may be arranged on the upper side of the multi 
layer substrate and electrically connected to the circuit 
elements integrated in the multi-layer substrate. These cir 
cuit elements can form various electronic circuits, and these 
circuits can also contain at least one thin-?lm resonator. This 
can be a matter, for example, of a ?lter circuit With ladder 
type arrangement that contains integrated inductances in 
parallel branches. 

[0025] What is meant by a chip component is a “naked” 
chip With electronic structures or a housed chip With such 
structures. What is meant by a ?lter in the sense of the 
invention is a ?lter circuit realiZed, for example, on a chip 
component. A ?lter chip is a chip With ?lter sub-structures. 

[0026] A duplexer is a component that comprises both 
?lter structures realiZed on a chip as Well a multi-layer 
substrate With integrated circuit elements. 

[0027] Compared to a solution With circuit elements, 
particularly matching elements, attached on a printed circuit 
board, the solution With circuit elements integrated in a 
multi-layer substrate offers particular advantages not only in 
vieW of reducing the space requirement but also in vieW of 
an especially high dependability of electrical properties of 
the component as a result of high precision (loW manufac 
turing tolerances) in the production of the metalliZation 
betWeen substrate layers. 

[0028] The advantage of the inventively component With 
thin-?lm resonators compared to a SAW component With 
circuit elements integrated in a multi-layer substrate is that 
the former exhibits a signi?cantly higher poWer compatibil 
ity. 
[0029] Integrated circuit elements can form at least a part 
of the folloWing circuits: matching netWork, antenna sWitch, 
diode sWitch, high-pass ?lter, loW-pass ?lter, bandpass ?lter, 
band elimination ?lter, poWer ampli?er, diplexer, duplexer, 
coupler, directional coupler, memory elements, balun, and 
mixer. 
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[0030] Various embodiments of the invention may be 
considered. The multi-layer substrate With integrated circuit 
elements can directly serve as a carrier substrate for the at 
least one thin-?lm resonator. A further possibility is to 
electrically connecting one or more chips, Which are com 
posed of a carrier substrate With thin-?lm resonators depos 
ited thereon, to the multi-layer substrate using a Wire bond 
ing or ?ip-chip technique. A direct deposition of thin-?lm 
resonators, hoWever, is more cost-bene?cial since additional 
process steps, i.e., Wire bonding or ?ip-chip bonding, are 
eliminated in this case. 

[0031] The multi-layer substrate comprises both an inter 
nal electrical terminal at the upper side for contacting With 
the thin-?lm resonators and, potentially, With further discrete 
circuit elements as Well as outside electrodes, for example, 
at the underside, for producing an electrical connection of 
the component part to an external printed circuit board, for 
example, that of a terminal device. 

[0032] The integrated circuit elements can, for example, 
realiZe electrical connections betWeen an antenna and band 
pass ?lters in the reception or transmission path of an 
inventive component fashioned, for example, as duplexer 
and can additionally serve for improving electrical ?lter 
properties in general and, speci?cally, the isolation of recep 
tion and transmission ports from one another. 

[0033] Given connection of a reception or transmission 
?lter With an antenna in a duplexer, a phase shift of the 
corresponding signals can become necessary. The phase 
shift can be achieved by a delay line or by a combination of 
the inductances and capacitances. For example, these circuit 
elements can be arranged betWeen the antenna port and the 
reception ?lter, Where the transmission ?lter is directly 
connected to the antenna port. It is also possible to arrange 
these circuit elements betWeen the transmission ?lter and the 
reception ?lter. 
[0034] The value of a phase shift to be achieved, for 
example, by a delay line is dependent on input or output 
impedance at the reception or transmission port (that is 
connected, on the one hand, to the phase shift circuit and, on 
the other hand, to the antenna port). The phase of the 
(complex) input or output impedance of a ?lter (having, for 
example, a ladder-type arrangement) is dependent on the 
exact ?lter topology, i.e., it is dependent on Whether the ?rst 
thin-?lm resonator is arranged in a series branch or in a 
parallel branch as vieWed proceeding from the correspond 
ing port. For example, it can be advantageous to replace a 
resonator With a combination of tWo or more series-con 

nected resonators in order to increase the poWer resistance of 
the component in a signal path to Which high poWers are 
applied during operation. 
[0035] The integrated circuit elements are preferably 
arranged on, in, and betWeen the layers of a multi-layer 
ceramic, for example, a loW temperature co-?red ceramic 
(LTCC) ceramic. Such a ceramic in LTCC implementation 
alloWs a high integration of netWork elements. Since a 
high-grade ceramic and loW-loss metallic conductors are 
employed in this technique given an exactly reproducible 
component geometry or netWork geometry at the same time, 
the inventive solution—compared to a BAW component 
With a matching netWork externally constructed of discrete 
elements—exhibits less variation of electrical properties of 
the matching elements and, consequently, feWer deviations 
of the transmission parameters of the overall component. 
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[0036] As an alternative to this, a multi-layer substrate can 
be composed of high temperature co-?red ceramic (HTCC), 
silicon, or organic materials (for example, laminates, plastic) 
or can comprise individual layers of these materials. 

[0037] This multi-layer substrate can simultaneously be 
part of a housing that surrounds the inventive component. 

[0038] In an advantageous embodiment of an inventive 
component, a thin-?lm resonator can be provided With one 
or more acoustic mirrors. The employment of an acoustic 
mirror offers additional degrees of freedom in the ?lter 
design since the properties of such a mirror in?uence the 
properties of a thin-?lm resonator and the characteristics of 
a ?lter constructed of thin-?lm resonators. 

[0039] For example, unWanted acoustic modes in the 
resonator can be suppressed by the corresponding setting of 
the frequency ranges of an acoustic mirror. The unWanted 
modes are conducted out from the resonator in the direction 
of the carrier substrate Without deteriorating the ?lter char 
acteristic. 

[0040] The re?ection behavior of an acoustic mirror can 
be adapted by utiliZing a suitable selection and/or plurality 
of layers or layer pairs forming the acoustic mirror such that 
the effective coupling constant of a thin-?lm resonator 
arranged above it assumes the desired value. A higher edge 
steepness of a bandpass ?lter can be achieved With a smaller 
coupling constant of a thin-?lm resonator (high edge steep 
ness is required in some duplexer applications With a slight 
spacing betWeen the reception band and transmission band). 
Each individual layer of an acoustic mirror in?uences the 
resonant frequency of the thin-?lm resonator connected to it. 
The resonant frequencies can therefore be controlled by 
varying the layer thicknesses of one or more layers as Well 
as by inserting additional layers or eliminating layers that 
already exist, Which can be bene?cial for the adaptation of 
the resonant frequencies of individual ?lters or resonators or 
can also be bene?cial for necessary frequency shifting 
betWeen thin-?lm resonators in series or parallel branches of 
a ?lter arrangement. 

[0041] Differing from BAW components knoWn from the 
prior art, Which comprise no acoustic mirror betWeen the 
thin-?lm resonator and a carrier substrate, so that the thin 
?lm resonator hangs freely over the carrier substrate, a direct 
thermal contact betWeen the carrier substrate and the reso 
nator layers is assured by an acoustic mirror given an 
inventive component. The heating of the electrodes of the 
thin-?lm resonator can be signi?cantly reduced as a result 
given employment of high transmission poWers. 

[0042] Compared to duplexers on the basis of BAW tech 
nology that are already commercially available, the inven 
tive component offers more degrees of design freedom, a 
higher poWer compatibility as Well as a higher quality of 
acoustic resonators, Which leads to a better ?lter quality, i.e., 
loWer losses and a higher edge steepness of the transmission 
function outside the pass band. The integration of the circuit 
elements in a multi-layer substrate given an inventive BAW 
component—as already mentioned above—assures loWer 
manufacturing tolerances and, thus, more stable transmis 
sion parameters of the overall ?lter compared to solutions 
that already exist. The invention also alloWs cost-bene?cial 
BAW components to be manufactured With loW space 
requirements. 

Dec. 11, 2003 

[0043] The folloWing detailed explanation of the general 
features of the multi-layer structure of an inventive BAW 
component are described beloW on the basis of FIG. 1. 

[0044] The component shoWn in FIG. 1 is constructed as 
a multi-layer component With a multi-layer substrate MS, 
Where one or more thin-?lm resonatorsAF provided With an 
acoustic mirror are arranged at the upper side of the multi 
layer substrate. For example, tWo thin-?lm resonators are 
shoWn in FIG. 1. Each thin-?lm resonator AF comprises a 
pieZoelectric layer PS and tWo electrodes E1 and E2, or E2 
and E3. In an advantageous embodiment, one component 
can comprise a plurality of pieZoelectric layers or more than 
tWo electrodes per single pieZoelectric layer. The electrodes 
can in turn have a layer structure composed of a plurality of 
layers of different materials. 

[0045] Fundamentally, electrodes can be composed of 
arbitrary conductive materials. The most important require 
ments for the electrode material are: a) good electrical 
conductivity in order to reduce ohmic losses, and b) high 
poWer compatibility. Furthermore, the electrode material 
should be suitable as an base for further layers lying above 
it and beloW it in order to achieve better properties of those 
layers such as, for example, texture, layer stress, surface 
roughness, and crystallite siZe or density. The coupling 
coef?cient of a pieZoelectric layer can be increased by 
employing suitable electrode materials. The frequency sepa 
ration betWeen resonance and anti-resonance of a thin-?lm 
resonator and, consequently, the bandWidth of an inventive 
band pass ?lter (With, for example, a ladder-type arrange 
ment) can therefore be increased. In order to meet all of 
these demands, it can be useful to fabricate the electrodes as 
a metal alloy or composed of a plurality of layers of different 
materials. 

[0046] The acoustic mirror AS may be arranged betWeen 
a thin-?lm resonator AF and the multi-layer substrate MS. 
The acoustic mirror may be composed of a plurality of 
alternating layers With high—HZ1, HZ2—and loW—LZ1, 
LZ2—acoustic impedance, Where the layer thickness of 
each of these layers HZl, HZ2, LZl, LZ2 amounts to 
approximately one-fourth of the Wavelength for the acoustic 
Wave in the respective material. At the same time, an 
electrically conductive layer of the acoustic mirror can 
represent an electrode of the appertaining thin-?lm resona 
tor, or an electrode of suitable thickness and impedance can 
be a sub-layer of the acoustic mirror. 

[0047] In the stop band, the acoustic mirror prevents the 
emergence of acoustic Waves that have arisen in the thin-?lm 
resonator in the direction of the multi-layer substrate, Which 
Would produce unWanted energy losses. 

[0048] The composition and the exact structure of the 
acoustic mirror, together With the thickness and the material 
properties of the pieZoelectric layer or of the electrodes of a 
thin-?lm resonator, de?ne its static capacitance. 

[0049] The re?ection coef?cient at the boundary surface 
betWeen tWo layers employed in an acoustic mirror having 
a loW and a high acoustic impedance is mainly de?ned by 
the difference betWeen the values of these acoustic imped 
ances. 

[0050] The high re?ection coefficient of the overall acous 
tic mirror can, for example, be achieved With only one pair 
of layers composed of different materials When the ?rst layer 
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comprises a very high impedance value and the second layer 
comprises a very loW impedance value. Tungsten, for 
example, can be used as ?rst layer; a material having a loW 
dielectric constant, a loW density and a loW modulus of 
elasticity can serve as second layer. An acoustic mirror 
having a broadband stop band characteristic is realiZed by 
such a structure. 

[0051] An acoustic mirror With a narroWband stop band 
characteristic, in contrast, is formed With a plurality of 
alternating layers. The respective layers should comprise a 
reasonably high or loW acoustic impedance. AIN can serve 
as a ?rst material; amorphous silicon can serve as the 
second. Fundamentally, an arbitrary combination of mate 
rials With a high or loW value of acoustic impedance in 
combination With the prescribed plurality of layer pairs can 
be employed in order to achieve the required re?ection 
coef?cient and the required bandWidth of the acoustic mir 
ror. 

[0052] When electrically conductive layers, for example 
tungsten, are employed in the acoustic mirror, then this layer 
should be structured, i.e., limited to the area under each and 
every thin-?lm resonator, in order to keep unWanted capaci 
tative coupling betWeen individual thin-?lm resonators of a 
?lter Within limits. When the acoustic mirror is composed 
exclusively of dielectric layers, then all layers can remain 
unstructured. 

[0053] Given acoustic mirrors With a broad stop band 
characteristic, the same mirror that is built up on a Wafer can 
be employed both for a band pass ?lter in the reception path 
as Well as for such a ?lter in the transmission path of a 
duplexer. These band pass ?lters can be deposited on the 
same Wafer in the same process step, since an acoustic 
mirror With a great bandWidth assures an adequately high 
re?ection coef?cient in the pass band of both band pass 
?lters. 

[0054] Aplurality of thin-?lm resonators can, for example, 
form a band pass ?lter With a ladder-type or lattice-type 
arrangement. Also possible are a ?lter arrangement of 
stacked thin-?lm resonators (a “stacked crystal ?lter” (SCF) 
?lter arrangement), or a ?lter arrangement of coupled thin 
?lm resonators: coupled resonator ?lter (CRF) ?lter arrange 
ment. A ?lter arrangement can also comprise arbitrary 
combinations of these ?lter arrangements. 

[0055] The ladder-type or lattice-type ?lter arrangements 
is explained beloW With reference to the example of a ?lter 
having a symmetrical input and output. 

[0056] In a symmetrical ladder-type ?lter, the reactance 
elements, for example, the inventive thin-?lm resonators, 
are arranged in tWo serial branches that are bridged ladder 
like With parallel branches. Given a symmetrical lattice 
?lter, the reactance elements are arranged in tWo serial 
branches that are bridged cross-like With parallel branches. 
Each of these tWo basic ?lter types exhibits speci?c ?lter 
properties. As a particular advantage, the ladder type ?lter 
comprises step edges in the transition range and deeply 
extending pole locations (notches), Whereas a lattice type 
?lter has the particular advantages of a loW insertion attenu 
ation and a loW pass band ripple connected With extremely 
high stop band suppression. 

[0057] Inductances or capacitances employed in the serial 
or parallel branches of a ?lter arrangement for adapting the 
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?lter properties can be integrated in the multi-layer substrate 
MS. These circuit elements can be connected to individual 
thin-?lm resonators both parallel as Well as in series. 

[0058] A serially connected inductance (e.g., an induc 
tance integrated in the multi-layer substrate), With an acous 
tic resonator in the parallel branch of a ladder-type arrange 
ment creates an additional pole (or Zero) location the transfer 
function of a ladder-type ?lter. The ?lter characteristic in the 
stop band can be signi?cantly improved by using a suitable 
selection of the plurality and of the frequency position of 
these Zero locations. Moreover, the spacing betWeen reso 
nance and anti-resonance of a thin-?lm resonator can be 
increased by shifting the resonance to loWer frequencies, 
Which can be utiliZed for realiZing a higher ?lter bandWidth. 
Additional inductances that are connected in series With the 
?lter input or output can serve for achieving the required 
input or output impedance of a ?lter (for example, 50 ohms) 
because capacitative properties of a ladder-type ?lter con 
structed of thin-?lm resonators can be compensated by this. 
A better internal matching of individual elements of the 
arrangement can be achieved as a result of inserting an 
inductance betWeen tWo resonators of a ladder-type arrange 
ment, Where the inductances can be inventively fashioned as 
integrated circuit elements. 

[0059] An individual thin-?lm resonator in the ladder-type 
arrangement can be replaced by a cascade of n series 
connected resonators, Where each of the neW thin-?lm 
resonators comprises an acoustic area approximately n times 
as large (compared to the acoustic area of the resonator to be 
replaced), so that the original static capacitance is preserved. 
This procedure can be advantageous for reasons of poWer 
compatibility or for adhering to the minimum possible 
resonator siZe. 

[0060] In addition to thin-?lm resonators, further passive 
or active, discrete circuit elements or other structures (e.g., 
SAW ?lters) can be arranged on the upper side of the 
multi-layer substrate. Moreover, these circuit elements can 
form parts of the folloWing circuits: matching netWork, band 
pass ?lter, band elimination ?lter, poWer ampli?er, diplexer, 
duplexer, coupler, directional coupler, memory elements, 
balun, and mixer. 

[0061] A multi-layer substrate MS comprises integrated 
circuit elements IE that are electrically connected to outside 
electrodes AE and to individual thin-?lm resonators AF via 
feedthroughs DK, for example, via contact electrodes KB. 
The multi-layer substrate can, for example, be composed of 
ceramic, silicon or organic materials. 

[0062] Additional passivation layers (for example, SiO2, 
Si3N4, BCB=benZo cyclo butane) disclosed by International 
Patent Publications WO 0106646 and WO 0106647 can be 
provided for the passivation of the electrodes or for the 
frequency tuning of the ?lter. The passivation layer is 
preferably the uppermost layer in the layer structure of a 
thin-?lm resonator or is arranged on the upper electrode 
layer of the resonator. The passivation layer is preferably 
fashioned over a large-area and covers all layers of the 
resonator lying beloW it. It is also possible to fashion the 
passivation layer structured and to only cover selected 
regions of the upper electrode layer (When, for example, the 
passivation layer is only arranged over the active resonator 
Zones). The frequency tuning (trimming) of the ?lter or of 
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the thin-?lm resonators ensues by varying the layer thick 
ness of the passivation layer, preferably by eroding a part of 
the passivation layer. 

[0063] It is possible that a plurality of circuits constructed 
of individual thin-?lm resonators (e.g., ?lters, particularly 
band pass ?lters) are realiZed directly on a multi-layer 
substrate. 

[0064] It is possible that a plurality of circuits constructed 
of individual thin-?lm resonators (e. g., ?lters, particularly 
band pass ?lters) are realiZed on a common carrier substrate 
SU, as indicated in FIGS. 6 and 7. The carrier substrate With 
the thin-?lm resonators forms a chip that can be joined to the 
multi-layer substrate and the circuit elements integrated 
therein, for example, With Wire bonding or ?ip-chip tech 
nique. 
[0065] The carrier substrate SU can in turn have a multi 
layer structure or comprise one or more integrated circuit 
elements, particularly matching elements. 

[0066] Another possibility for variation is that a plurality 
of circuits constructed of individual thin-?lm resonators 
(e.g., ?lters, particularly band pass ?lters) are arranged 
separately—each on its oWn carrier substrate SUl, SU2—in 
a common housing on the upper side of the multi-layer 
substrate MS, as indicated in FIG. 8. Each carrier substrate 
With the thin-?lm resonators forms a chip that can be joined 
to the circuit elements integrated in the multi-layer substrate, 
for example, With Wire bonding or ?ip-chip technique. 

[0067] It is possible that a plurality of circuits constructed 
of individual thin-?lm resonators (e.g., ?lters, particularly 
band pass ?lters) are separately arranged on the surface of 
the multi-layer substrate—each on its oWn carrier substrate 
and in its oWn housing. Each carrier substrate With the 
thin-?lm resonators forms a chip that can be joined to the 
circuit elements integrated in the multi-layer substrate, for 
example, With Wire bonding or ?ip-chip technique. 

[0068] FIG. 2 shoWs a further possible embodiment of an 
inventive component. In this case, thin-?lm resonators AF 
are arranged on the multi-layer substrate MS Without an 
acoustic mirror such that there is a cavity HR betWeen the 
acoustically active surface of the resonator and the multi 
layer substrate. The solution With an acoustic mirror, hoW 
ever, offers a higher poWer compatibility because of a better 
thermal contact With the multi-layer substrate as Well as 
more degrees of design freedom. 

[0069] FIG. 3 shoWs another possibility of hoW a thin-?lm 
resonator can be arranged on a multi-layer substrate Without 
acoustic mirrors. Differing from the component described in 
FIG. 2, a multi-layer substrate comprises an additional 
substrate layer SS that, for example, can be composed of a 
different material, this layer lying betWeen the multi-layer 
substrate MS and thin-?lm resonators AF. 

[0070] FIG. 4 shoWs a schematic crossection through an 
inventive component With thin-?lm resonators AF deposited 
directly on the multi-functional multi-layer substrate MS. 
The multi-layer substrate serves as carrier substrate for 
thin-?lm resonators. It is also possible to fashion a duplexer 
in this Way. 

[0071] FIG. 5 shoWs another possibility of hoW thin-?lm 
resonators AF can be arranged on a multi-layer substrate MS 
With integrated circuit elements IE. Individual thin-?lm 
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resonators AF are deposited in layers on a carrier substrate 
SU Whose underside lies on the upper side of a multi-layer 
substrate MS. The electrical connections betWeen the indi 
vidual thin-?lm resonators AF and the integrated circuit 
elements present in the multi-layer substrate are provided by 
bond Wires BD. 

[0072] Individual thin-?lm resonators are usually arranged 
such that they form one or more band pass ?lters. The 
inductances of the bond Wires, for example, can thereby be 
employed as inductivity elements in the serial or parallel 
branches of a ladder-type arrangement of the thin-?lm 
resonators. 

[0073] FIG. 6 shoWs a further fastening possibility for 
individual thin-?lm resonators deposited on the underside of 
a carrier substrate SU on a multi-layer substrate MS by a 
?ip-chip technique. The carrier substrate With acoustic struc 
tures is mechanically secured on the upper side of the 
multi-layer substrate MS using bumps BU and is electrically 
connected to circuit elements integrated in the multi-layer 
substrate. The bumps can, for example, be composed of 
solder. 

[0074] FIG. 7 shoWs a further exemplary embodiment of 
an inventive duplexer. Individual thin-?lm resonators AF 
form tWo band pass ?lters, as shoWn and explained in FIG. 
6. The band pass ?lters are arranged in the reception and 
transmission path of the duplexer next to one another on a 
carrier substrate SU and are separated from one another by 
middle bump roWs. A spatial separation of reception and 
transmission path serves for a better signal suppression of 
the opposite band. HoWever, it is possible to forego the 
middle bump roWs. 

[0075] An exemplary embodiment of an inventive com 
ponent fashioned as duplexer that is shoWn in FIG. 8 differs 
from the component that Was just described insofar as the 
band pass ?lters in the reception and transmission path of the 
duplexer are arranged on different carrier substrates SUl or 
SU2. The ?lters constructed on carrier substrates SUl and 
SU2 can be housed either in common or separately. 

[0076] FIG. 9 shoWs an exemplary equivalent circuit of a 
?lter With ladder-type arrangement comprising a plurality of 
thin-?lm resonators With inductances L1, L2 and L3 inte 
grated in the multi-layer substrate in the parallel branches of 
the ?lter. Other circuit elements integrated in the multi-layer 
substrate can also be present both in the parallel branches as 
Well as in the series branches of the ?lter. 

[0077] FIGS. 4 through 8 shoW the thin-?lm resonators 
AF Without an acoustic mirror. Another variation could be to 
arrange an acoustic mirror betWeen the thin-?lm resonators 
and the multi-layer substrate MS or the carrier substrate SU. 

[0078] It is possible that a plurality of circuits comprising 
thin-?lm resonators (e.g., ?lter circuits, particularly band 
pass ?lters) are realiZed on a common carrier substrate or 
directly on a multi-layer substrate. 

[0079] It is possible that a plurality of circuits comprising 
thin-?lm resonators (e.g., ?lter circuits, particularly band 
pass ?lters) are arranged separately—each on its oWn carrier 
substrate—in a common housing on the upper side of the 
multi-layer substrate. 

[0080] It is also possible that a plurality of circuits com 
prising thin-?lm resonators (e.g., ?lter circuits, particularly 
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band pass ?lters) are arranged separately—each on its oWn 
carrier substrate and in its oWn housing—on the upper side 
of the multi-layer substrate. 

[0081] For the purposes of promoting an understanding of 
the principles of the invention, reference has been made to 
the preferred embodiments illustrated in the draWings, and 
speci?c language has been used to describe these embodi 
ments. HoWever, no limitation of the scope of the invention 
is intended by this speci?c language, and the invention 
should be construed to encompass all embodiments that 
Would normally occur to one of ordinary skill in the art. 

[0082] The particular implementations shoWn and 
described herein are illustrative examples of the invention 
and are not intended to otherWise limit the scope of the 
invention in any Way. For the sake of brevity, conventional 
electronics and other functional aspects of the systems (and 
components of the individual operating components of the 
systems) may not be described in detail. Furthermore, the 
connecting lines, or connectors shoWn in the various ?gures 
presented are intended to represent eXemplary functional 
relationships and/or physical or logical couplings betWeen 
the various elements. It should be noted that many alterna 
tive or additional functional relationships, physical connec 
tions or logical connections may be present in a practical 
device. Moreover, no item or component is essential to the 
practice of the invention unless the element is speci?cally 
described as “essential” or “critical”. Numerous modi?ca 
tions and adaptations Will be readily apparent to those 
skilled in this art Without departing from the spirit and scope 
of the present invention. 

What is claimed is: 

1. A component Working With acoustic bulk Waves, com 
prising: 

at least one thin-?lm resonator, comprising: 

at least one pieZoelectric layer and at least tWo elec 
trodes applied in layers; 

the component further comprising: 

a multi-layer substrate comprising: 

an upper side upon Which the at least one thin-?lm 
resonator is arranged; 

outside electrodes; and 

at least one integrated passive or active circuit ele 
ment to Which the at least one thin-?lm resonator 
is electrically connected. 

2. The component according to claim 1, Wherein the at 
least one integrated circuit element forms at least a part of 
a matching netWork. 

3. The component according to claim 1, Wherein a part of 
the at least one circuit element is arranged on the upper side 
of the multi-layer substrate as interconnects. 

4. The component according to claim 1, further compris 
ing: 

at least one discrete passive or active circuit element 
arranged on the upper side of the multi-layer substrate. 
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5. The component according to claim 1, further compris 
ing: 

at least one chip component arranged on the upper side of 
the multi-layer substrate in addition to the at least one 
thin-?lm resonator. 

6. The component according to claim 5, Wherein the at 
least one chip component is a ?lter chip. 

7. The component according to claim 6, Wherein the at 
least one ?lter chip is a surface acoustic Wave (SAW) 
component. 

8. The component according to claim 1, Wherein the 
multi-layer substrate comprises ceramic layers. 

9. The component according to claim 1, Wherein the 
multi-layer substrate comprises layers of silicon. 

10. The component according to claim 1, Wherein the 
multi-layer substrate comprises layers of an organic mate 
rial, for eXample plastic or laminate. 

11. The component according to claim 10, Wherein the 
organic material is plastic or laminate. 

12. The component according to claim 1, further com 
prising: 

a carrier substrate upon Which the layers of the at least one 
thin-?lm resonator are deposited. 

13. The component according to claim 1, further com 
prising: 

a multi-layer substrate With the integrated circuit elements 
upon Which the layers of the at least one thin-?lm 
resonator are directly deposited. 

14. A component according to claim 1, further comprising 
a cavity located betWeen an active region of the at least one 
thin ?lm resonator and the multi-layer substrate. 

15. The component according to claim 1, further com 
prising: 

a carrier substrate upon Which the at least one thin-?lm 
resonator is deposited, the at least one thin-?lm reso 
nator being electrically connected With bond Wires to 
the at least one circuit element integrated in the multi 
layer substrate, the carrier substrate being arranged on 
an upper side of the multi-layer substrate. 

16. The component according to claim 1, further com 
prising: 

a carrier substrate upon Which the at least one thin-?lm 
resonator is deposited, at least one circuit element 
integrated in the multi-layer substrate being electrically 
connected to another circuit element integrated in the 
multi-layer substrate via ?ip-chip technique. 

17. The component according to claim 15, Wherein the 
carrier substrate comprises a multi-layer structure. 

18. The component according to claim 16, Wherein the 
carrier substrate comprises a multi-layer structure. 

19. The component according to claim 17, Wherein the 
carrier substrate With a multi-layer structure comprises at 
least one integrated circuit element. 

20. The component according to claim 18, Wherein the 
carrier substrate With a multi-layer structure comprises at 
least one integrated circuit element. 

21. The component according to claim 1, Wherein a 
plurality of thin-?lm resonators form band pass ?lters With 
a ladder-type arrangement. 
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22. The component according to claim 1, further com 
prising: 

at least one acoustic mirror that comprises a plurality of 
alternating layers With high and loW acoustic imped 
ance. 

23. The component according to claim 1, Wherein a 
plurality of circuit elements integrated in the multi-layer 
substrate form a part of a dupleXer circuit. 

24. The component according to claim 23, Wherein band 
pass ?lters constructed of a plurality of thin-?lm resonators 
in the reception path and transmission path of the dupleXer 
are realiZed on a carrier substrate or directly on the multi 

layer substrate. 

25. The component according to claim 23, further com 
prising: 

tWo separate carrier substrates in a common housing upon 
Which are arranged, on an upper side of the multi-layer 
substrate, band pass ?lters constructed of a plurality of 
thin-?lm resonators in the reception path and transmis 
sion path of the dupleXer. 
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26. The component according to claim 23, further com 
prising: 

tWo separate carrier substrates in tWo separate housings 
upon Which are arranged, on an upper side of the 
multi-layer substrate, band pass ?lters constructed of a 
plurality of thin-?lm resonators in the reception path 
and transmission path of the dupleXer. 

27. The component according to claim 1, Wherein the 
electrodes of the at least one thin-?lm resonator are con 
structed of a plurality of layers. 

28. The component according to claim 1, Wherein a 
plurality of thin-?lm resonators form a serial cascade circuit 
of a plurality of thin-?lm resonators for assuring a higher 
poWer compatibility of the component. 

29. The component according to claim 1, further com 
prising at least one of an asymmetrical input and output. 

30. The component according to claim 1, further com 
prising at least one of a symmetrical input and output. 

31. The component according to claim 1, further com 
prising a passivation layer arranged on the at least one 
thin-?lm resonator. 

32. The component according to claim 31, Wherein the 
passivation layer is composed of SiO2, Si3N4 or BCB. 

* * * * * 


